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Impact Properties of S-2 Glass Fiber Composites with Multi-axial
Structure

S-W Song’, C-H Lee’, J-H Byun', B-S Hwang , MK Um’, S-K Lee’

Abstract

For the damage tolerance improvement of conventional laminated composites, stitching process have
been utilized for providing through-thickness reinforcements. 2D preforms were stacked with S-2 glass
plain weave and S-2 glass MWK (Multi-axial Warp Knit) L type. 3D preforms were fabricated using
the stitching process. All composite samples were fabricated by RTM (Resin Transfer Molding)
process. To examine the damage resistance performance the low speed drop weight impact test has
been carried out. For the assessment of damage after the impact loading, specimens were examined
by scanning image. CAI (Compressive After Impact) tests were also conducted to evaluate residual
compressive strength. Compared with 2D composites, the damage area of 3D composites was reduced
by 20-30% and the CAI strength showed 5-10% improvement.
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Fig. 1 Stitching machine.
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Fig. 2 Microstructure of 3D composites.
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Table 1. Compressive test results

Max load
Type (kN) S(tﬁlgit):h N{%dgzi‘)ls
Plain weave 36.0 379 24.7
2D | MWK ORT 20.2 543 249
MWK ISO 26.1 286 19.9
Plain weave 32.5 329 20.6
3D | MWK ORT 48.2 466 239
MWK ISO 29.9 296 25.0
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Fig. 4 Scanning results of specimens.
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Fig. 5 Energy vs. time curves.
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Fig. 6 Load vs. time curves: Plain weave; 20J.
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Fig. 7 Load vs. displacement curves: Plain weave; 20J.

Table 2. Impact test results of 2D and 3D composites

Impact | Absorbed Residisi
energy per| energy per Damage P -
Type unit unit area DEresS
thickness | thickness (mm?®) S&e’;gt)h
(J/mm) | (J/mm) =
5.09 1.779 380(£34) | 154.1(+6)
Plain 6.37 1.902 398(+23) | 159.8(x6)
weave| 750 2.02 496(+61) | 134.7(+8)
8.65 257 456(+80) | 153.4(x7)
535 1.879 496(+9) 147.1(x4)
op/Mwk| 6.82 2.27 531(x48) | 138.7(+23)
ORT 7.93 2.86 565(+53) | 137.5(x10)
9.16 292 649(+50) | 132.4(6)
5.24 1.540 697(+48) | 132.1(x10)
MWK| 6.51 2.19 798(£43) | 129.5(¢7)
180 7.58 2.44 895(+54) | 123.9(x4)
8.97 3.63 1079(+158) | 115.2(+5)
5.02 1614 274(+32) | 161.7(+3)
Plain 6.53 2.20 380(+30) | 167.7(+6)
weave| 7 R7 3.10 487(+68) | 150.7(x11)
8.55 2.39 494(+82) | 143.7(x4)
4.76 1.705 364(£29) | 142.7(x11)
3p| MWK 5.87 1.702 431(£22) | 147.9(+8)
ORT 7.07 2.83 487(+15) | 132.8(x1)
8.28 3.07 475(x21) | 134.7(x6)
478 1.334 588(+17) | 166.6(+28)
MwK| 5.80 1.703 T17(x27) | 160.7(x15)
IS0 7.38 2.45 T94(£110) | 129.5(+8)
8.68 4.36 835(+52) | 150.7(+37)




20~30% BAE AL ¢ & ged, 2 oHE
SAME 442 Adstd 23R JAHU)
WEolt 3 2D @A 3D BFA BF

FEHEE WTALY 3D BPAS AvHoz
o} 10% FAE A% & & Utk o) YA 283
Heel ERZ Astel AR 3zt 2A7] o
goz #udrh

34 AE[E 723
Fig. 82 ZZAAY d.39 ¢FAIE Zo o
2} 2D 2 3D EZAY 4E5F=E &4L AAtsl
3, 2|5 AxE ¥ngd Aot or)A He
ulel Zho] 2E]|A L FoBA ZEI AWHo=R
2 4 gtk Fig. 9 Z+ Al¥d
g o9 FA 7 A" shajzl
024 Z+ oz #Hde ot
Rolty, o= 9ol EAIG A
gl Aot o] aYP=ZE oy
A A7l #AGe] @ oyA ] i FI}
Ago £43718 BHAFE Ao2AN Z 59
ZA4XYEE AR 8T F Uo. 974 He
upol o] AEIAE Fo=ZA & WHo] Axk

Aoz Pasts A ¥ + dow B4 AN
s WAol g e AL & & AUtk
4.8 B

S22 fEldRE ol&% 2D EFA 9 2EA 7]
=& H83 3D EFAY FEAEAA ddtd o
3 Ze 288 ¥
(1) 2D E&A% 3D EFAY 53 A 4F 54
& AolE HolA ¥tk 1Y MWK ISO
A Mg 3L %L BYed ol Ao W
Ao gol AR A7 wEold.

(2) 3D EFA FFoldA 7t 2D B Fol=
E3sta 2FEYPL A Zolzp yA] Fsith
a1 olfE F3YA} S £ £ 253 4
T2 FFEYAN F2F ¥y & 4L F
A egk7] Wi olnt,

3) 24 & g 29 3D A7 < 20-30%
a2 A o8 53 F E5A=7}
ZFE Yeo izt AR FAEHA
(F 5-10%), L % H3& Ade] Zx= glo]
o Aoz Yegd.

o 1o rlo

lo oy T
N
o B H‘om

N

}.

200

Damage area/absorbed energy

Fig. 9 Damage area comparison.

% 7]

2 A7 21C ZEHO A (XA 234
d 71 MLA)F 718dTFAEY AT A
HYLo= o]Fo AFUL. o] AL AAE =H
Y.

Hozd

(1) A. P. Mouritz, K. H. Leong and I. Herszberg,
"A review of the effect of stitching on the
in-plane  mechanical  properties of fibre
reinforced polymer composites”, Composite Part
A, 28A, 1997, pp. 979~991.

(2) G. A. Schoeppner and S. Abrate, "Delamination
threshold loads for low velocity impact on
composite laminates", Composites: Part A, 31,
2000, pp. 903-915.

(3) M. V. Hosur, M. Abdullah and S. Jeelani,
"Studies on the low-velocity impact response of
woven  hybrid composites ", Composite
Structures, Volume 67, Issue 3, 2005, pp.
253~262

(4) J. H. Byun and T. W. Chou, "Mechanics of
textile composites”, Comprehensive Composite
Material, A. Kelly and C. Zweben(Eds),
Elsevier  Science  Publishers, = Amsterdam,
Netherlands, Vol. 1, Chapter 22, 2000, pp.
719~761.





